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(54) Silicon on insulator buried plate trench capacitor 



(57) A method of forming a DRAM storage cell with 
a trench capacitor in an SOI substrate involves forming 
a field effect transistor (FET) consisting of a source, 
drain, channel regions in a device layer, a gate oxide 
layer on the surface of the device layer and a gate elec- 
trode over the channel region. The trench capacitor is 
formed by the following steps: 1 ) forming a masking lay- 
er over the device layer and patterning an opening cor- 
responding to the trench in the masking layer, 2) aniso- 
tropicalfy etching a first trench corresponding to the 
opening in the masking layer to a first depth, through the 
SC device layer and the buried oxide layer, extending 
slightly into the substrate body, 3) forming a diffusion 
barrier collar along the sides of the first trench to the first 
depth, 4) forming a second trench by anisotropicaily 
etching the substrate body exposed by the first trench 
to a second depth, so that the silicon of substrate body 
exposed by the second trench becomes a first electrode 
of the trench capacitor, 5) forming a node dielectric layer 
on surface of the substrate body exposed by the first 
trench, 6) forming a doped polysilicon plug in the first 
and second trench so as to form a second electrode of 
the trench capacitor, said plug further making contact to 
the drain region of the FET. A separate substrate contact 
to the substrate body is formed through the front or back- 
side so as to contact to the first electrode of the capac- 
itor. Oxide isolation regions between adjacent transis- 
tors are formed to complete the SOI -DRAM. 
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Description 

The present invention relates generally to semicon- 
ductor manufacturing, and in particular to a trench ca- 
pacitor built on a silicon on insulator (SOI) substrate with 
a buried plate for semiconductor memory application. 

The technology of SOI substrates is well known in 
the field of semiconductor, and use of SOI for building 
semiconductor devices has been recognized for provid- 
ing greater immunity to radiation damage, lower sub- 
strate capacitance and permitting use of lower voltage 
for device operation than achievable with standard sili- 
con substrate. The memory technology, in particular the 
dynamic random access memory (DRAM) has contin- 
ued to evolve into more bits per chips; 64Mbit chips are 
in manufacturing and 256 Mbit chips are in development 
in many corporations. The chip sizes are kept small by 
using smaller design features to offset the effect of in- 
crease in number of devices. In describing the invention, 
DRAMs will be used in all discussions herein, as trench 
capacitors are extensively used in DRAMs for data stor- 
age. This would allow a review of the state of the art in 
trench capacitor devices and processes used therefor 
and thus facilitate discussion of the novel features of the 
present invention. However, it is recognized that the 
present invention can be used in other applications. 
Common DRAM cells uses a single transistor connect- 
ed to a capacitor. A typical layout of DRAM cell/ circuit 
is shown in Fig 1. A DRAM bit consists of a transistor 
and a capacitor, in which the capacitor stores the charge 
as an indicator of the memory state of the device bit. 

In the present invention, the capacitor is built in a 
trench ( as against stacked, planar capacitors) and the 
transistor is built on an SOI substrate for the previously 
mentioned reasons. Even though the concept of a 
trench capacitor and FET transistor and processes for 
making them are well known in the field, the use of SOI 
substrate and the small size of the memory cells (high 
density) require process inventions to develop a robust 
and easily manufacturable process. 

Yoon (US Patent 4,999,312) describes a process 
for forming a trench capacitor, consisting of forming a 
first trench with barrier liners on the sidewall and a sec- 
ond trench below the first trench without any barriers, 
so as to allow doping of the walls of the second trench 
sides selectively. Yoon's device is built on a silicon sub- 
strate. Watanabe (US Patent 5,309,008) in a slight var- 
iation, starts with a top trench with a slightly larger di- 
ameter and subsequently form a bottom trench beneath 
the top trench. In Watanabe's trench, built on a silicon 
substrate, the sidewall of the top trench is lined with an 
insulating diffusion barrier and dopants are diffused into 
the sidewall of the bottom trench, to make doped silicon 
sidewall as a capacitor electrode. A thin insulator cov- 
ering the walls of the bottom trench serves as the ca- 
pacitor dielectric, and the trench is filled with a conduct- 
ing polysilicon which acts as the second capacitor elec- 
trode. Hsu et al. (US Patent 5,384,277) attempts to sim- 
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plify processing sequence by combining processes for 
capacitor-drain strap with that for source /drain contact. 

Rajeevakumar (5,406,515) describes a trench ca- 
pacitor DRAM, wherein the CMOS is built in an n-well 
s formed in a p- epi layer over a p+ substrate. US Patent 
'515 describes the formation of a diffusion ring in the 
upper part of the trench wall in the n-well region which 
reduces the storage charge leakage. All of the above 
references teach building a trench capacitor DRAM on 
a Si substrate, differences from one another being in- 
cremental changes in process and structure to improve 
DRAM performance or reduce process complexity. 

In SOI wafers, the silicon substrate is physically in- 
sulated from the single crystal device layer, wherein the 
transistors are formed. Therefore, the electrical connec- 
tion of the trench capacitor electrodes to the transistor 
drain electrode and to a common potential exterior elec- 
trode is not obvious or straight forward. Hsieh et al (US 
Patent 5,466,625) uses a SOI substrate, but simply uses 
the trench as a space to support deposited layers of 
polysilicon electrodes sandwiching an insulator. The 
bottom polysilicon layer makes a sidewise contact to the 
epi layer, which is patterned to define source region of 
a vertical FET. Hsieh et al. proceeds to build a vertical 
FET transistor by using a poysilicon layer as a drain. 
Bronner et al. (US Patent 5,508,219) describes a SOI 
DRAM with a trench capacitor, where a strap polysilicon 
layer within the trench, connects the polysilicon capac- 
itor electrode to the side of the device layer (drain re- 
gion). The process teaches formation of a field shield 
polysilicon layer at selected sites between deep trench 
capacitors and is not concerned with the formation of 
the trench capacitor itself. 

Hayashi (US Patent 4,820,652) teaches an inte- 
grated process that fabricates an SOI wafer by epitaxial 
overgrowth and a trench capacitor. The trench was pur- 
posely offset with respect to the opening in the buried 
oxide which allows for the trench capacitor plate side- 
wall to connect to the epitaxial layer and the inner elec- 
trode is subsequently connected to the transistor using 
a strap. The epitaxially overgrown silicon is suitable for 
TFT transistors, but does not provide good single crys- 
talline films or allow building of a single crystalline FET 
device. 

Therefore, there is still a need for an improved 
trench process that is manufacturable, lead to self- 
aligned contacting structures and results in a capacitor 
that is easily integrated to a transistor formed on an SOI 
substrate. 

According to the present invention a method of 
forming a DRAM storage cell with a trench capacitor in 
an SOI substrate is taught. The method involves forming 
a field effect transistor (FET) consisting of a source, 
drain, channel regions in a device layer, a gate oxide 
layer on the surface of the device layer and a gate elec- 
trode over the channel region. The trench capacitor is 
formed by the following steps: 1 ) forming a masking lay- 
er over the device layer and patterning an opening cor- 
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responding to the trench in the masking layer, 2) aniso- 
tropically etching a first trench corresponding to the 
opening in the masking layer to a first depth, through the 
SC device layer and the buried oxide layer, extending 
slightly into the substrate body, 3) forming a diffusion 
barrier collar along the sides of the first trench to the first 
depth, 4) forming a second trench by anisotropically 
etching the substrate body exposed by the first trench 
to a second depth, so that the silicon of substrate body 
exposed by the second trench becomes a first electrode 
of the trench capacitor, 5) forming a node dielectric layer 
on surface of the substrate body exposed by the first 
trench, 6) forming a doped polysilicon plug in the first 
and second trench so as to form a second electrode of 
the trench capacitor, said plug further making contact to 
the drain region of the FET. A separate substrate contact 
to the substrate body is formed through the front or back- 
side so as to contact the first electrode of the capacitor. 
Oxide isolation regions between adjacent transistors 
are formed to complete the SOI-DRAM. 

An object of the present invention is to develop a 
process for high density storage device in an SOI sub- 
strate. 

Another object of the present invention is to develop 
a process for a trench storage capacitor in an SOI sub- 
strate. 

A further object of the present invention is to form 
the substrate plate as one of the trench capacitor elec- 
trodes using a self-aligned process. 

Yet another object of the present invention is to de- 
velop a process that is easily integrated in existing man- 
ufacturing. 

How the invention may be carried out will now be 
described by way of example only and with reference to 
the accompanying drawings in which: 

Figure 1 illustrates a prior art DRAM cell layout. 

Figure 2 illustrates a typical SOI wafer, which is 
used as the starting substrate. 

Figures 3-1 0 illustrate the preferred embodiment of 
the present inventive process for forming a trench ca- 
pacitor in a SOI substrate. 

Figure 1 1 illustrate a preferred process for electrical 
connection of the capacitor electrode to the device Si 
layer. 

Figure 12 illustrates the step of forming oxide isola- 
tion between adjacent devices. 

Figure 1 shows a prior art DRAM memory cell using 
a single transistor 30 and a single capacitor 40. A bit line 
1 0 is connected to the source region 50 of the transistor 
30, the word line 20 to the gate region 60 side of the 
transistor and one electrode 45 of the capacitor 40 to 
the drain 70 side of the same transistor. The operation 
of such a cell is well known in the field and will not be 
discussed herein. 

Figure 2 shows a typical SOI substrate, showing a 
silicon substrate 100 with a device silicon layer 120 and 
a buried insulating oxide layer 1 1 0 in between the device 
layer 120 and the substrate 100. The silicon substrate 



is typically single crystal silicon and is primarily used to 
support the oxide layer and device layer. The methods 
used to manufacture an SOI substrate, such as bonding 
and thinning, oxygen implant etc., are well known in the 
s industry. These SOI substrate manufacturing tech- 
niques will not be discussed here as they are not directly 
pertinent to the present invention. The device layer 120 
may be a high quality grown single crystal layer (in the 
case bonded SOI) or part of high quality single crystal 
substrate (in the case of implanted oxide, SIMOX), usu- 
ally doped with conductivity determining impurities (do- 
pants) in the range of 10 16 to 10 18 /cc. However, in some 
ofthe application, this device layer 120 can have insu- 
lating regions or conducting regions with different impu- 
rities therein, prior to or after the formation of the SOI 
substrate. For the purpose of the present discussions, 
many of these variations will not be considered, as they 
do not directly affect the formation of the trench capac- 
itor and the connection of the capacitor electrode to the 
selected diffusion region (drain) of the transistor formed 
in the device layer 1 20. 

Now referring to Figure 3, the silicon layer 120 is 
oxidized to form a thin silicon dioxide layer 130, about 
10 nanometer thick. Layer 130 is preferably formed by 
thermal oxidation, but other methods such as chemical 
vapor deposition can also be used. A blanket layer of 
silicon nitride 140 is formed over layer 1 30. 

Layer 140 is preferably formed in the thickness 
range of 1 00-250 nanometer and deposited by chemical 
vapour deposition. The specific process conditions 
available for depositing good quality silicon nitride CVD 
films are well known in the field and will not be described 
here. A layer of silicon dioxide 1 50 is deposited over lay- 
er 140 in a thickness range of 250 to 750 nanometer. 
The primary purpose of these stacked layers is to pro- 
vide a hard mask for etching the silicon trench which can 
be several microns deep. 

Referring to figure 4, a photoresist mask (not 
shown) typically having a resist thickness in the range 
of 0.5 to 2 microns is used to etch an opening through 
the mask layers 150, 140 and 1 30 and continue etching 
through the device silicon layer 120 and slightly pass 
the buried oxide layer 110 into the substrate 100. Other 
combinations of hard mask layers can also be used. If 
the trench etch process gives the required selectivity to 
resist, it might be even possible to use the resist layer 
alone as the masking layer. It is important that this first 
etch depth is past the buried oxide layer 1 1 0 for SOI sub- 
strate. There is no equivalent requirement in the case 
of regular silicon substrate, where the first etch is taken 
to an arbitrary shallow depth. This etching is done pref- 
erably using a single wafer multichamber system such 
as Applied Materials 5000 using CF4, CHF3 and 02 in 
a muftistep process to etch through the hard mask lay- 
ers. Subsequently the silicon device layer 120 is etched 
using chlorine containing gases and processes similar 
to ones described in US Patent 4,104,086 assigned to 
the assignee of the present invention. 
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Next the oxide layer 110 is etched in the exposed 
trench region using etch process selective to silicon. 
The excess etch of the exposed silicon into the substrate 
past the buried oxide layer 110 is controlled by time of 
etch to a depth typically in the range of 50 to 200 nm. 

A conformal silicon nitride layer 190 is deposited as 
shown in Figure 5. Layer 190 is preferably deposited by 
a CVD process to a thickness of at least 10 nm. As will 
be seen later, a minimum thickness is desirable to pre- 
vent dopant diffusion. Silicon nitride layer 1 90 is aniso- 
tropically etched to remove it from all horizontal surfaces 
including the bottom of the trench. This leaves the ver- 
tical section within the trench in the form of a silicon ni- 
tride collar 1 95 as shown in Figure 6. Collar 1 95 extends 
from near the top of the original trench surface to the 
bottom of the first trench indicated by line 170. Subse- 
quently, the trench is extended into the silicon substrate 
using the mask layers 130, 140 and 150 as well as the 
collar 1 95 as the etch mask. Silicon can be etched using 
a plasma containing mixtures of HBr, NF 3 and 0 2 or oth- 
er available processes that provide high selectivity to 
silicon dioxide and silicon nitride. The etch is timed to 
provide a certain trench depth into the silicon substrate, 
determined by design needs usually several microns. 
Thus the entire trench is formed with a minimal loss of 
the hard mask layers 130, 140, 150 and 195. Any re- 
moval of silicon nitride collar 1 95 is restricted to the top 
portion adjacent to the masking oxide layer 150 and the 
integrity of the collar along the device layer 1 20 and bur- 
ied oxide 110 is well preserved. 

An optional trench sidewall doping is illustrated in 
figure 7. The doping can improve the conductivity of the 
capacitor electrode and thereby improve dram cell char- 
acteristics. Now referring to Figure 7, a blanket film of 
doped silicate glass 21 0, such as Aresenic silicate glass 
(ASG) or PSG (Phosphosilicate Glass) is disposed over 
the entire surface. Layer 210 is typically in the range of 
50 to 100 nanometer, and is preferably deposited by a 
CVD process. The amount of As or P present as AsgC^ 
or P 2 O s in the glass is typically chosen to be 1 to 15 
weight percent and preferably in the range of 2 to 5 
weight percent. In some applications, boron from B2O3 
is diffused into the trench sidewall. Layer 210 is in phys- 
ical contact with the top surface of the remaining layer 
150 and the exterior walls of collar 195 and the inside 
surface 1 98 of the trench 200. The structure is subjected 
to a sufficient thermal anneal using a furnace heating or 
rapid thermal anneal for time-temperature sufficient to 
cause dopants As or P from layer 21 0 to diffuse into the 
contacting surfaces. A dotted line 220 shown in figure 8 
indicates extent of dopant penetration into the adjacent 
layer. This penetration is typically of the order of 0.1 to 
0.5 micron. It should be noted that dotted line 220 shows 
discontinuity at the location of diffusion barrier collar, i. 
e dopants diffuse into silicon dioxide as well as silicon 
but are totally stopped where the silicon nitride is 
present. Thus, the present structure with a nitride collar 
of selective depth, is self^aligned to the trench, and 
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achieves two goals in the trench capacitor formation: 

1) dope the substrate surrounding the trench to a 
sufficient extent to reduce its resistivity and enable it to 
perform as a desirable plate electrode for the trench ca- 
5 pacitor. 2) preserve the integrity of the buried oxide, the 
device layer and the pad oxide by preventing any dopant 
penetration. 

I n figure 9, the top oxide layer 1 50 has already been 
removed preferably by wet etching using HF solution, 
10 while the nitride collar 195 preserves and protects the 
buried oxide from the top oxide removal process. A ca- 
pacitor node dielectric layer 230 is formed along the ex- 
posed trench sidewall by thermal oxidation, nitridation 
or both. A thin high quality dielectric provides a high ca- 
15 pacitance without charge leakage. For most DRAM ap- 
plication, typical capacitance values required range 
from 20 to 50 femto-farads, and preferably 30 fF. Typi- 
cally, the trench depth is kept in the 3-8 micron range, 
the dielectric thickness is kept to an equivalent thermal 
oxide thickness of 5 to 10 nanometer. The top silicon 
nitride layer 140 and the collar silicon nitride spacer 1 95 
restricts the formation of node dielectric layer 230 to the 
exposed silicon along the trench sidewalls. A doped 
polysilicon 240 is filled in the trench using a conformal 
CVD process and is etched back to leave a recessed 
polysilicon plug 240. The recess of the polysilicon plug 
240 is controlled to be bebw the device layer region and 
above the bottom of the buried oxide layer, but still en- 
cased partly by the silicon nitride collar 195. 

Now, referring to Fig. 10, the nitride layer 140 and 
part of nitride layer 1 95 are etched selective to oxide or 
polysilicon. A wet solution of hot phosphoric acid can be 
used. Care is taken to retain a portion of the nitride collar 
250 as shown. 

At this point many alternate process schemes are 
feasible to complete the device. In a preferred embodi- 
ment, as shown in Figure 11 , a second polysilicon con- 
ductor 260 is selectively formed in the trench region so 
as to provide a connection between the capacitor body 
polysilicon 240 and the side of the active silicon device 
region 270. Other materials that are conductors can be 
used as layer 260. Some of the other suitable materials 
are tungsten, molybdenum and other metallic silicides. 
The details of the selective formation of 260 has not 
been shown, but one of the common methods involve 
depositing blanket layer of polysilicon over the entire 
substrate and etching or polishing back to remove the 
polysilicon outside of the trench region. Figure 1 2 shows 
the formation of oxide isolation regions 280 to separate 
and isolate adjacent transistors. The connection to the 
other electrode of the capacitor, which is the substrate 
body, is now made as a substrate backside contact or 
as a front side contact (not shown) by etching openings 
on the front side to the SC body region through the de- 
vice layer 120 and buried oxide layer 110 and any other 
intervening layers resulting from other processes. The 
circuit is completed by connecting the specific parts of 
the transistors using known thin film wiring materials and 
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processes. These techniques are not reviewed herein 
as they do not directly pertain to the novelty of the 
present invention. 

The choice of specific processes and materials is 
driven by available multilevel interconnection technolo- 
gy, the needs of wiring feature dimensions and the cir- 
cuit density. 

In the method of the present invention any one or 
more of the following may apply: 

a) The dopant in the glass layer is selected from the 
group consisting of arsenic, phosphorus and boron. 

b) The node dielectric layer has a thickness select- 
ed from the range of 5 to 10 nanometer. 

c) A DRAM storage cell with a trench capacitor in 
an SOI substrate, is made by the method which 
comprises the steps of: 

providing a semiconductor body (SC body), a 
buried oxide layer overlying said SC body and 
a single crystalline device layer (SC device lay- 
er) overlying said buried oxide layer; 
forming a field effect transistor (FET) consisting 
of a source, a drain, and a channel in said SC 
device layer, a gate oxide layer on the surface 
of the SC device layer and a gate electrode over 
the channel region; 

forming a trench capacitor, having a first and 
second electrodes and a node dielectric layer 
there between, comprising the steps of: 

forming a masking layer over the SC de- 
vice layer; 

patterning an opening in the masking layer; 
anisotropically etching a first trench corre- 
sponding to the opening in the masking lay- 
er to a first depth, through the SC device 
layer and the buried oxide layer, extending 
into the SC body; 

forming a diffusion barrier collar along the 
sides of the first trench to the first depth; 
- forming a second trench by anisotropically 
etching the SC body exposed by the first 
trench to a second depth, sidewalls of the 
second trench defining the first electrode; 
forming a node dielectric layer on surface 
of the SC body exposed by the first trench; 
forming the second electrode by forming a 
doped polysilicon plug in the first and sec- 
ond trench, said plug further making con- 
tact to the drain region of the FET; 
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d) In the method of c) above the steps of forming 
the trench capacitor, further comprises the step of: 

doping the exposed sides of the first and sec- 
5 ond trench not covered by the diffusion barrier 

collar, prior to the step of forming the node di- 
electric layer. 

e) In the method of c) the step of forming the diffu- 
sa sion barrier collar in the trench capacitor, comprises 

the steps of: 

conformally depositing a layer of the diffusion 
barrier over the substrate, including horizontal 
and vertical surfaces of the first trench; and, 
anisotropically etching the diffusion barrier lay- 
er to remove it from all horizontal surfaces only, 
thereby forming a diffusion barrier collar in con- 
tact with only the sides of the first trench. 

f) In the method of c) above the step of forming the 
polysilicon plug comprises the steps of: 

forming a first polysilicon recessed in the trench 
region to a level, below the device layer but 
above the bottom of the buried oxide layer; 
removing the diffusion barrier collar region ex- 
posed above the first polysilicon; and, 
forming a second polysilicon recessed within 
the trench, in contact with the top of the first 
polysilicon and in contact with the exposed side 
of the SC device layer. 

g) I n the method of c) above the node dielectric layer 
is formed using the step of: 

thermally forming a silicon dioxide layer on the 
exposed silicon surfaces of the first and second 
trench. 

h) In the method of c) above the node dielectric layer 
is formed using the steps of: 

thermally forming a silicon dioxide layer on the 
exposed silicon surfaces of the first and second 
trench; and, 

forming a nitrogen rich layer on the surface of 
said silicon dioxide layer. 

50 j) in method of c) above the masking layer compris- 
es at least one selected from the group comprising 
of silicon dioxide, silicon nitride and silicon oxyni- 
tride layers. 

j) In the method of c) above the first trench extends 
into the SC body past bottom of the buried oxide 
layer by at least 50 nanometer. 



forming a substrate contact to the SC body ; ss 
and, 

forming isolation regions between adjacent 
DRAM cells through the SC device layer. 
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k) In the method of d) above the doping is carried 
out using the steps of: 

depositing conformally a dopant containing 
glass layer overlying side surfaces of the first s 
and second trench; and, 
heating to drive-in dopants from the glass layer 
at least into the adjacent side surfaces of the 
second trench to a nominal depth of at least 50 
nanometer. io 

I) In the method of k) above the dopant in the glass 
layer is selected from the group consisting of ar- 
senic, phosphorus and boron. 

is 

m) In the method of h) above the node dielectric lay- 
er has a thickness selected from the range of 5 to 
10 nanometer. 

n) The present invention also comprises a trench 20 
capacitor, penetrating a silicon substrate, an oxide 
layer disposed on said silicon substrate and a de- 
vice layer disposed over said oxide layer and having 
a trench fill, comprising: 

a first electrode fromed in an abutting region of 
said silicon substrate extending downwardly 
from a top surface of said substrate along a 
trench wall surface of said substrate and en- 
closing said trench fill; 30 
a dielectric layer adjacent to said trench wall 
surface; 

a second electrode disposed within said dielec- 
tric layer, said dielectric layer and second elec- 
trode comprising said trench fill; and, 3S 
a diffusion barrier collar disposed within said di- 
electric layer and extending from said first elec- 
trode through said oxide layer. 

o) In the trench capacitor of n) above the diffusion *o 
barrier collar consists of silicon nitride layer having 
a minimum thickness of 50 nanometer. 

p) In the trench capacitor of n) above the first elec- 
trode is doped with electrically conducting impuri- 45 
ties selected from the group consisting of As, P and 
B. 

q) In the trench capacitor of n) above the dielectric 
layer is selected from the group consisting of silicon so 
dioxide, silicon nitride, silicon oxy nitride and combi- 
nations thereof. 

r) In the trench capacitor of n) above the node die- 
lectric layer has a thickness in the range of 5 to 1 0 55 
nonometer. 



Claims 

1. A method of forming a trench capacitor, having a 
first and second electrode and a node dielectric, in 
an SOI (100) substrate having a semiconductor 
body (SC body), a buried oxide layer (110) overlying 
said SC body and a single crystalline device layer 
(SC device layer) (120) overlying said buried oxide 
layer, characterised by, the steps of: 

forming a masking layer (130, 140, 150) over 
the SC device layer (120); 
patterning an opening in the masking layer; 
anisotropically etching a first trench (160) cor- 
responding to the opening in the masking layer 
(130, 140, 150) to a first depth, through the SC 
device layer (120) and the buried oxide layer 
(110), extending into the SC body (100); 
forming a diffusion barrier collar (195) on the 
sides of the first trench to the first depth; 
forming a second trench (200) by anisotropical- 
ly etching the SC body exposed by the first 
trench (160) to a second depth, sidewalls (1 98) 
of the second trench (200) defining the first 
electrode; 

forming said node dielectric layer on the sur- 
face of the SC body exposed by the first (160) 
and second (200) trench; and, 
forming the second electrode by forming a 
doped polysilicon plug (220) in the first (160) 
and second (200) trench. 

2. The method of claim 1 , further comprising the step 
of: 

doping the exposed sides of the first (1 60) and 
second (200) trench not covered by the diffu- 
sion barrier collar (1 95), prior to the step of 
forming the node dielectric layer. 

3. The method of claim 1 , wherein the step of forming 
the diffusion barrier collar (195) comprising the 
steps of: 

conformally depositing a layer of the diffusion 
barrier over the substrate, including horizontal 
and vertical surfaces of the first trench (160); 
and, 

anisotropically etching the diffusion barrier lay- 
er to remove it from all horizontal surfaces only, 
thereby forming a diffusion barrier collar (195) 
in contact with only the sides of the first trench 
(160). 

1 

4. The method of claim 1 , wherein the step of forming 
the polysilicon plug comprises the steps of : 

- forming a first polysilicon recessed in the trench 
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region to a level, below the device layer (120) 
but above the bottom of the buried oxide layer; 
removing the diffusion barrier collar region 
(195) exposed above the first polysilicon; and, 
forming a second polysilicon recessed within s 
the trench, in contact with the top of the first 
polysilicon and in contact with the exposed side 
of the SC device layer. 

5. The method of claim 1 , wherein said node dielectric io 
layer is formed using the step of: 

thermally forming a silicon dioxide layer on the 
exposed silicon surfaces of the first (160) and 
second (200) trench. is 

6. The method of claim 1 , wherein said node dielectric 
layer is formed using the steps of: 

thermally forming a silicon dioxide layer on the 20 
exposed silicon surfaces of the first (160) and 
second (200) trench; and, 
forming a nitrogen rich layer on the surface of 
said silicon dioxide layer. 

25 

7. The method of claim 1 , wherein said masking layer 
is a resist. 

8. The method of claim 1 , wherein said masking layer 
comprises at least one layer selected from a group 30 
consisting of silicon dioxide, silicon nitride and sili- 
con oxynrtride layers. 

9. The method of claim 1, wherein said first trench 

(1 00) extends into the SC body past bottom of the 35 
buried oxide layer (1 30) by at least 50 nanometer. 

10. The method of claim 2, wherein said doping is car- 
ried out using the steps of: 

40 

depositing conformalfy a dopant containing a 
glass layer (210) overlying the sides of the first 
(160) and second (200) trench region in contact 
with the side surfaces of the first and second 
trench; and, 45 
heating to drive-in dopants from the glass layer 
(210) at least into the adjacent side surface of 
the second trench (200) to a nominal depth of 
at least 50 nanometer. 

so 
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